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(57) ABSTRACT

A non-limiting example information processing apparatus
comprises a housing, and a left speaker and a right speaker are
provided in a left end portion and a right portion of the
housing and in an inside of this housing. Each speaker is
arranged such that a vibration direction of a diaphragm
becomes in a direction perpendicular to a plane surface of a
display panel that is provided in the front of the housing.
Sound emission portions for emitting sounds from the speak-
ers are formed in both end portions of the housing and on a
side surface at near side or this side that the speakers are
arranged. Therefore, sounds are emitted toward a side of a
player who holds the information processing apparatus. A
vibrator that is provided between the two speakers is driven
simultaneously with the speakers or in a predetermined order.
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FIG. 1(A) PERSPECTIVE VIEW
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HAND-HELD INFORMATION PROCESSING
APPARATUS

CROSS REFERENCE OF RELATED
APPLICATIONS

[0001] The disclosures of Japanese Patent Application No.
2014-265034 filed on Dec. 26, 2014 is incorporated herein by
reference.

FIELD

[0002] This application discloses a hand-held information
processing apparatus comprising a speaker and a vibrator.

SUMMARY

[0003] A primary object of an embodiment(s) is to provide
a novel hand-held information processing apparatus.

[0004] Another object of the embodiment(s) is to provide a
hand-held information processing apparatus capable of giv-
ing a higher sense of immersion.

[0005] A first embodiment is a hand-held information pro-
cessing apparatus comprising a housing, two speakers and a
vibrator. The two speakers are provided in the left and right of
an inside of the housing with an interval. The vibrator is
provided in the inside of the housing, and vibrated with a
pattern according to an arbitrary input waveform.

[0006] According to the first embodiment, it is possible to
present various kinds of information by means of a sound and
vibration by using the vibrator. Furthermore, it is possible to
localize not only the sound but the vibration depending on a
way of generating the sound and the vibration. Therefore,
since a progress situation of an application being performed
in the information processing apparatus can be presented by
the sound and the vibration, it is possible to give a user a
higher sense of immersion.

[0007] A second embodiment is according to the first
embodiment, wherein the vibrator is arranged in a place
except left and right end portions of the housing.

[0008] According to the second embodiment, it is possible
to prevent the vibration from leaning to either of the left and
right end portions.

[0009] A third embodiment is according to the first embodi-
ment, wherein the vibrator is arranged between the left and
right end portions of the housing.

[0010] According to the third embodiment, it is possible to
localize not only the sound but the vibration depending on a
way of generating of the sound and the vibration. Therefore,
presentation of various kinds of information is possible.
[0011] A fourth embodiment is according to the first
embodiment, wherein the vibrator is arranged between the
two speakers.

[0012] According to the fourth embodiment, like the third
embodiment, it is possible to localize not only the sound but
the vibration depending on a way of generating of the sound
and the vibration.

[0013] A fifth embodiment is according to the first embodi-
ment, wherein the vibrator is arranged in a position that
overlaps with one speaker between the two speakers.

[0014] A sixth embodiment is according to the second
embodiment, wherein the speakers are arranged in the left and
right end portions or near.

[0015] According to the sixth embodiment, since the
speakers are arranged in the left and right end portions that a
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user holds or near, the vibration that is generated when the
speakers output the sounds can be also transferred to the user.

[0016] A seventh embodiment is according to the first
embodiment, wherein the vibrator includes a linear motor.

[0017] According to the seventh embodiment, since the
linear motor is used, the vibrator can be driven with a pattern
according to an arbitrary input waveform such as a sound
signal. Therefore, it is possible to make the vibration synchro-
nize with the sound that is output from the speaker. Further-
more, when the sound signal is input to the speaker and the
vibrator, it is possible to provide the user with sound and
vibration having a sense of unity.

[0018] An eighth embodiment is according to the first
embodiment, and further comprises two operating portions
provided on the left and right of the housing with an interval,
and a vibration control module configured to vibrate the
vibrator according to an operation of at least each of the two
operating portions.

[0019] According to the eighth embodiment, since the
vibrator is operated according to the operation of the operat-
ing portions, it is possible to suggest content of operation, for
example depending on a way of vibrating the vibrator.

[0020] A ninth embodiment is according to the first
embodiment, and further comprises a speaker control module
configured to operate the two speakers such that volume of
the sounds that are output from the two speakers are changed
during the vibrator is vibrating.

[0021] According to the ninth embodiment, the user has an
illusion that the localization of the vibration is changing
according to a change of the localization of the sound. There-
fore, it is possible to present (notify) a manner that an object
moves in a virtual space by the vibration, for example.

[0022] A tenth embodiment is according to the ninth
embodiment, wherein the speaker control module is config-
ured to operate the two speakers such that the volume of the
sound that is output from one speaker is gradually decreased
and the volume of the sound that is output from the other
speaker is gradually increased.

[0023] An eleventh embodiment is according to the ninth
embodiment, wherein the speaker control module is config-
ured to operate the two speakers such that during the volume
of'the sound that is output from one speaker is being gradually
decreased, the volume of the sound that is output from the
other speaker is gradually increased.

[0024] According to the tenth and eleventh embodiments,
like the ninth embodiment, it is possible to present (notify) a
manner that the object moves in the virtual space by the
vibration, for example.

[0025] A twelfth embodiment is according to the first
embodiment, and further comprises a vibration control mod-
ule configured to vibrate the vibrator with a magnitude in
proportion or inverse proportion to the volume of the sound
that is output from the speaker.

[0026] According to the twelfth embodiment, it is possible
to present various kinds of information by linking the sound
and the vibration with each other.

[0027] The above described objects and other objects, fea-
tures, aspects and advantages of the embodiment(s) will
become more apparent from the following detailed descrip-
tion when taken in conjunction with the accompanying draw-
ings.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0028] FIG. 1 shows schematic structural view showing an
appearance of a non-limiting example information process-
ing apparatus, wherein FIG. 1(A) is a perspective view
obliquely viewing down the information processing appara-
tus, and FIG. 1(B) is a front elevation view viewing the
information processing apparatus from the front.

[0029] FIG. 2 is a partial sectional view of the non-limiting
example information processing apparatus.

[0030] FIG. 3 is a block diagram showing a non-limiting
example electric structure of the information processing
apparatus.

[0031] FIG. 4 is an illustrative view showing a state where
a player holds with both hands the information processing
apparatus sideways.

[0032] FIG. 5 shows a non-limiting example output of
speakers and a vibrator of the information processing appa-
ratus, wherein FIG. 5(A) is an illustrative view showing a
manner that sounds and vibration are presented when viewing
the information processing apparatus from the front, and FIG.
5(B) is an illustrative view showing an outputting method of
the speakers and the vibrator.

[0033] FIG. 6 is anillustrative view showing a non-limiting
example game screen displayed on a display panel of the
information processing apparatus shown in FIG. 1.

[0034] FIG.7 is anillustrative view showing a non-limiting
example weapon selection screen displayed on the display
panel of the information processing apparatus shown in FI1G.
1.

[0035] FIG.8isa perspective view obliquely viewing down
a further non-limiting example information processing appa-
ratus.

[0036] FIG.9 isanillustrative view showing a non-limiting
example character input screen displayed on a display panel
of the information processing apparatus shown in FIG. 8.

DETAILED DESCRIPTION OF NON-LIMITING
EXAMPLE EMBODIMENTS

[0037] With referring to FIG. 1(A) and FIG. 1(B), a non-
limiting example information processing apparatus 10 com-
prises a housing 12, and a display panel 14 is provided on one
main surface (front surface) of the housing 12. As the display
panel 14, an LCD, an EL display, etc can be used, for
example. Furthermore, as the display panel 14, a display
panel capable of seeing a stereoscopic image with naked eyes.
Insuch a case, an LCD of a lenticular system using a parallax
barrier system or a sheet with concaves/convexes (lenticular
lens), for example.

[0038] The housing 12 is formed in a shape of a rectangle
when viewing from the front. A user or player (hereinafter,
simply called “player”) can hold the housing 12 with one
hand or both hands. As described above, the display panel 14
is provided in the front of the housing 12, and this display
panel 14 is also formed in a shape of a rectangle when viewing
from the front. Furthermore, there are provided with three
hardware keys (operating buttons) 18a, 186 and 18¢ near the
display panel 14 on the front of the housing 12. Hereinafter,
there is an occasion that the operating buttons 184, 185 and
18¢ are called “operating button 18” collectively.

[0039] In addition, FIG. 1(A) is a perspective view
obliquely viewing down the front of the information process-
ing apparatus 10, and FIG. 1(B) is a front elevation view
viewing the information processing apparatus 10 turned side-
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ways from the front. Furthermore, as shown in FIG. 1(B),
when viewing the information processing apparatus 10 side-
ways, a longer-side direction may be called a horizontal direc-
tion and a shorter-side direction may be called a vertical
direction. Furthermore, in FIG. 1(B), a direction perpendicu-
larto a paper surface may be called a thickness direction of the
information processing apparatus 10 (see FIG. 2).

[0040] Furthermore, a left speaker 221 and a right speaker
22R are provided in an inside of the housing 12. The left
speaker 221, and the right speaker 22R are provided in end
portions in the horizontal direction of the housing 12 or near
when the player holds the information processing apparatus
10 (housing 12) with both hands sideways and in a lower
portion (near side or this side) of the housing 12. As shown
also in FIG. 1(B), when rendering the information processing
apparatus 10 sideways, this information processing apparatus
10 (housing 12) is in an oblong shape.

[0041] As shown in FIG. 1(B), in this embodiment, the left
speaker 221, and the right speaker 22R are provided in posi-
tions that at least parts of the positions overlap with the
display panel 14 in the thickness direction, that is, in a direc-
tion that the housing 12 is viewed from the front. However, at
least one of the left speaker 221, and the right speaker 22R
may be provided in a position that does not overlap with the
display panel 14 in the thickness direction (see FIG. 8). That
is, at least one of the left speaker 221, and the right speaker
22R may be provided in one of the left and right end portions
of the housing 12 or near.

[0042] Furthermore, a part of II-1I sectional view shown in
FIG. 1 (B) is shown in FIG. 2. As shown in FIG. 2, the left
speaker 221, (22R is also the same) is arranged such that a
vibrating direction of a diaphragm 220 is rendered perpen-
dicular or approximately perpendicular to a surface of the
housing 12 (a displaying surface of the display panel 14).
Therefore, it is possible to lessen a thickness of the informa-
tion processing apparatus 10 (housing 12) than a planar size
of the diaphragm 220. That is, it is possible to make the
information processing apparatus 10 as thin as possible.
[0043] Furthermore, holes (hereinafter, called “sound
emission portion”) 12a for emitting the sounds from the left
speaker 22, and the right speaker 22R are formed on a side
surface of the housing 12 at this side of places that the left
speaker 221, and the right speaker 22R are provided and in the
left and right end portions in the horizontal direction in which
the left speaker 221, and the right speaker 22R are provided,
respectively. That is, the sound emission portion 12a is
formed such that the sound is emitted in a direction perpen-
dicular or approximately perpendicular to the vibrating direc-
tion of the diaphragm 220. Furthermore, since the sound
emission portion 12qa is thus provided on this side of the
housing 12, it is possible to prevent the whole apparatus from
becoming large. Specifically, when providing the sound emis-
sion portion 12a on a front surface of the housing 12, it is
necessary to avoid components such as the display panel 14,
etc., and in order to secure an area for providing the sound
emission portion 12qa, the whole apparatus becomes large.
However, in the information processing apparatus 10 of this
embodiment, since it is not necessary to secure the area for
providing the sound emission portion 12a with avoiding the
components such as the display panel 14, etc. by providing
the sound emission portion 12a in this side of the housing 12,
it is avoidable that the whole apparatus becomes large.
[0044] As shown also in FIG. 1(B) and FIG. 2, in this
embodiment, the left speaker 221 and the right speaker 22R
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are arranged near the sound emission portions 12a. There-
fore, it is possible to emit the sounds to an outside of the
housing 12 without attenuating the sounds inside the housing
12. Furthermore, a duct 125 is provided on a rear surface side
of the left speaker 22, (22R is also the same) inside the
housing 12. Although it cannot see in the drawings, a hole is
provided on a rear surface side of the left speaker 221 (22R is
also the same), and the air can move within the duct 126 in
accordance with the vibration of the diaphragm 220. For
example, a volume within the duct 124 is determined accord-
ing to a size, material, etc. of the diaphragm 220 of the left
speaker 22L.. Therefore, a sound having a relatively good
sound quality is output in the information processing appa-
ratus 10. Furthermore, by using the left speaker 221, and the
right speaker 22R a stereo sound can also be output. Herein-
after, when there is no necessity of distinguishing the left
speaker 221, and the right speaker 22R especially, “speaker
22” is used simply.

[0045] In addition, although omitted in FIG. 2, below the
display panel 14 and the touch panel 16 (lower part in the
thickness direction) and in the inside of the housing 12, a
control circuit board on which respective electronic compo-
nents are mounted and a battery (secondary battery) are
arranged.

[0046] Furthermore, as shown in FIG. 1(B), in this embodi-
ment, a vibrator 20 is provided between the left speaker 221
and the right speaker 22R and in the inside of the housing 12.
As shown also in FIG. 1(B), the vibrator 20 is provided on a
straight line connecting the left speaker 221 and the right
speaker 22R to each other and at this side of the housing 12.
In addition, this vibrator 20 is arranged so as not to be brought
into contact with the above-described control circuit board.
The vibrator 20 is a linear motor that outputs (vibrates) with
a pattern according to an input waveform of an analog signal
(drive signal) such as a sound signal. The analog signal (drive
signal) can be obtained by converting data that is given as a
digital value instructing a signal value at each time, for
example, and is stored in advance in a flash memory 54
(described later), etc. into an analog signal. The linear motor
as the vibrator 20 outputs vibration with a pattern according to
an input waveform by changing a position of an internal
weight according to the signal value at each time of the analog
signal.

[0047] Inaddition, in this embodiment, although the linear
motor is used as the vibrator 20, there is no necessity of being
limited to a linear motor, and a piezoelectric device or a voice
coil can be used.

[0048] Furthermore, as shown well in FIG. 2, the touch
panel 16 is provided on the upper surface of the display panel
14, and the touch panel 16 is set-up as the same shape (size)
as the display panel 14 in this embodiment. That is, the touch
panel 16 is also in a shape of rectangular. Therefore, in a
whole display area of the display panel 14, a touch input is
possible. As the touch panel 16, a touch panel of an electro-
static system or a resistance film system can be used, for
example.

[0049] FIG. 3 is a block diagram showing electric structure
of the above-described information processing apparatuses
10. As shown in FIG. 3, the information processing apparatus
10 includes a CPU 50, and the CPU 50 is connected with the
above-described touch panel 16 and operating button 18 as
well as a RAM 52, the flash memory 54, a wireless commu-
nication module 56, a display driver 58, a motor driver 60, a
D/A converter 621, a D/A converter 62R and an acceleration
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sensor 64. Furthermore, the above-described display panel 14
is connected to the display driver 58. Furthermore, the left
speaker 22L. is connected to the D/A converter 621, and the
right speaker 22R is connected to the D/A converter 62R.
[0050] The touch panel 16 inputs touch coordinate data that
corresponds to a touch position to the CPU 50 according to a
touch input (touch operation) by the player. Furthermore, the
operating button 18 inputs operation data to the CPU 50
according to an operation by the player. In this embodiment,
the operation data is depression data from the operating but-
tons 18a, 185 and 18¢. The CPU 50 stores into the RAM 52
the touch coordinate data that is input from the touch panel 16
and/or the operation data that is input from the operating
button 18 according to a chronological order, and uses them
for processing (information processing) of various kinds of
applications such as a game, music, map, web browser, sched-
ule, clock, etc.

[0051] The CPU 50 is in charge of entire control of the
information processing apparatus 10. The RAM 52 is used as
a working memory and buffer memory of the CPU 50. The
flash memory 54 is used in order to store programs of various
kinds of applications and to store (save) various kinds of data.
[0052] The wireless communication module 56 has a func-
tion of connecting to a wireless LAN. Therefore, the infor-
mation processing apparatus 10 can communicate with a
further computer and a further information processing appa-
ratus 10 directly or via a network. Therefore, it is possible to
transmit and receive programs and data to or from the further
computer or the further information processing apparatus 10.
For example, a program and data for a game application may
be distributed from the further computer. Furthermore, it is
possible to play a communication game with the further com-
puter or the further information processing apparatus 10.
[0053] Under instructions of the CPU 50, the display driver
58 is used in order to display various kinds of screens such as
a game screen 100 (see FIG. 6) and a weapon selection screen
200 (see FIG. 7) on the display panel 14. The CPU 50 uses a
part of the RAM 52 as a video RAM (VRAM), and produces
image data corresponding to various kinds of screens. How-
ever, a dedicated processor (GPU) for producing image data
may be provided. In such a case, the GPU produces image
data under instructions of the CPU 50 to the VRAM.

[0054] The motor driver 60 controls drive of the vibrator 20
under instructions of the CPU 50. As described above, the
vibrator 20 is a linear motor, and is provided in the inside of
the housing 12 so as to apply the vibration to the housing 12.
Therefore, the vibration is transterred to fingers and the hands
of the player holding the housing 12. By thus providing with
the vibrator 20, the information processing apparatus 10 can
generate the vibration according to the operation input using
the touch panel 16 or the operating button 18, or can generate
the vibration according to progress of an application, for
example.

[0055] The D/A converter 621 converts the sound data
applied from the CPU 50 into an analog sound signal so as to
output to the left speaker 22L.. Similarly, the D/A converter
62R converts the sound data applied from the CPU 50 into an
analog sound signal so as to output to the left speaker 22R. For
example, the sound data (sound signal) is data (signal) such as
imitative sound of a virtual character or object (hereinafter,
simply called “character”), sound effect, music (BGM).
[0056] The acceleration sensor 64 is an acceleration sensor
of'an electrostatic capacitance type, and shown in FIG. 1(B),
when viewing the information processing apparatus 10 side-
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ways from the front, it detects acceleration of each of a
left-right axis direction (horizontal direction), a top-bottom
axis direction (vertical direction) and a thickness axis direc-
tion of the information processing apparatus 10, and inputs
acceleration data corresponding to each acceleration to the
CPU 50. Therefore, for example, the CPU 50 can know a
direction (inclination) and a motion of the information pro-
cessing apparatus 10 (housing 12) based on an output (accel-
eration data) of the acceleration sensor 64, and can change a
direction of a screen that is displayed on the display panel 14
according to the direction of the information processing appa-
ratus 10. Furthermore, the CPU 50 can also use the output of
the acceleration sensor 64 as instructions of the player. For
example, by detecting the direction and the motion of the
housing 12 according to the output of the acceleration sensor
64 according to a direction that the player inclines the housing
12 or a direction that the player moves the housing 12, it is
possible to change a moving direction of the moving object in
a virtual space or a direction of a virtual camera in the virtual
space. In addition, the acceleration sensor 64 may be a 2-axis
acceleration sensor.

[0057] In addition, the electric structure of the information
processing apparatus 10 shown in FIG. 3 is a mere example,
and it does not need to be limited to this.

[0058] For example, the information processing apparatus
10 may comprise a gyrosensor in place of the acceleration
sensor 64 or together with the acceleration sensor 64. The
gyrosensor is a piezoelectric vibration type gyrosensor, for
example, and detects angular velocities around the left-right
axis, the top-bottom axis and the thickness axis of the infor-
mation processing apparatus 10, respectively. However, the
gyrosensor may be a two-axis gyrosensor.

[0059] When an application such as a game is performed
with such an information processing apparatus 10, as shown
in FIG. 4, the information processing apparatus 10 (housing
12) is held sideways (horizontally). At this time, as also
shown in FIG. 1(B), the sound emission portions 12a are
turned toward a side of the player who holds the information
processing apparatus 10. Furthermore, since the sound emis-
sion portions 12a are provided in a different surface from the
surface that the operating button 18 and the touch panel 16 are
provided, it is not closed by the hand of the player who holds
the information processing apparatus 10. Therefore, the
sound that is output from the speaker 22 is emitted toward the
player from the sound emission portion 12a. Accordingly, the
player is easy to hear the sound.

[0060] For example, by outputting the sound from the
speaker 22 and vibrating the vibrator 20 as shown in FIG.
5(A), it is possible to present information by not only the
sense of hearing but the tactual sense. In addition, although it
is shown in FIG. 5(A) that only the vibrator 20 vibrates, in
fact, the vibration of the vibrator 20 is transferred to the
housing 12, and thus, the housing 12 vibrates. Specifically,
according to an operation by the player, it is possible to feed
operation information (content of operation) back by the
sound and the vibration. That is, the content of operation can
be suggested by the sound and the vibration. Therefore, oper-
ability can be improved. Furthermore, according to an opera-
tion by the player, or irrespective of an operation by the
player, it is possible to present a situation (progress situation)
of an application by the sound and the vibration.

[0061] Inaddition, usually, a screen about an application is
displayed on the display panel 14 of the information process-
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ing apparatus 10 during performing the application con-
cerned. This is also true in the following.

[0062] Forexample, since the vibration of the vibrator 20 is
transferred to the housing 12 in addition to the vibrations by
the speakers 22 when the vibrator 20 is vibrated and the
sounds are output from both the left speaker 221 and the right
speaker 22R, the vibrations by the sound and the vibrator 20
are synchronized with each other. Therefore, it is possible to
let the player feel the vibration strong. For example, when a
rare item is acquired in a game or a game is cleared, if
performing a showy representation on the game screen and if
presenting the sound and the vibration being synchronous
with the sound, it is possible to heap up showy representation.

[0063] Furthermore, the sounds do not need to be output
simultaneously from both the left speaker 221, and the right
speaker 22R. In this case, the sound as well as the vibration
can be localized by vibrating the vibrator 20 while outputting
the sound from the left speaker 221, or by vibrating the
vibrator 20 while outputting the sound from the right speaker
22R for example. This is based on an illusion of the player.

[0064] Forexample, when the character in the virtual space
moves to the right from the left in the display surface of the
display panel 14, the sound (sound effect, melody, BGM) that
the character generates at the time of movement is output
from the left speaker 221 and the vibrator 20 is vibrated.
Subsequently, the above-described sound is output from the
right speaker 22R and the vibrator 20 is vibrated. Then, a
manner that the character moves is presented by not only the
display but the sound and the vibration. In such a case, the
player is deluded as the vibration of the vibrator 20 is local-
ized in an order of left and right, for example. That is, the
player has an illusion that a normal position (position) of the
vibration is changed. Therefore, a manner that a character
moves is transferred to the player by the vibration.

[0065] Inaddition, the vibrator 20 may be further vibrated
in an interval before the time that the above-described sound
is output from the right speaker 22R and the vibrator 20 is
vibrated after the time that the above-described sound is
output from the left speaker 221, and the vibrator 20 is
vibrated. In such a case, the player is deluded as the vibration
of the vibrator 20 is localized in an order of left, center and
right, for example. In addition, when the vibration is localized
at the center, the sound may be also localized at the center by
outputting the sounds from both the left speaker 22I. and the
right speaker 22R.

[0066] When a direction thatthe character moves is reverse,
the sounds are output from the speakers 22 and the vibrator 20
is vibrated in an order contrary to the above-described order.
[0067] Furthermore, an order that the left speaker 221, the
right speaker 22R and the vibrator 20 are output (operated)
may be arbitrarily changed. As an example, a turn is changed
according to a situation in the virtual space (storyline of a
game, progress situation of application, etc.).

[0068] For example, the vibrator 20, the left speaker 221
(or right speaker 22R) and the right speaker 22R (or left
speaker 221.) may be output (operated) in this order. Other-
wise, the left speaker 221 (or right speaker 22R), the right
speaker 22R (or left speaker 221) and the vibrator 20 may be
output (operated) in this order.

[0069] Furthermore, the volume of the sound that is output
from the speaker 22 and the magnitude of the vibration of the
vibrator 20 may be made to be linked with each other. That is,
the vibration of the vibrator 20 is controlled such that the
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magnitude of the vibration changes in proportion or inverse
proportion to the volume of the sound that is output from the
speaker 22.

[0070] For example, when a character is moved toward the
lower right from the upper left of the display surface of the
display panel 14, a manner that the character approaches
gradually can be notified (presented) by the sound and the
vibration. In this case, when the character starts movement,
the sound is output with a relatively small volume from the
left speaker 221, and in accordance with this, vibrator 20 is
vibrated with a small magnitude. The volume of the sound
that is output from the left speaker 221 is increased gradually
as the character moves, and in accordance with this, the
vibration of the vibrator 20 is gradually increased. If the
character approaches the center of the display panel 14, the
speaker 22 that should output a sound is changed from the left
speaker 22L. to the right speaker 22R. As the character further
moves, the volume of the sound that is increased gradually,
and in accordance with this, vibration of the vibrator 20 is
gradually increased. Thus, it is also possible to present a
manner that the character moves by the sound and the vibra-
tion.

[0071] Furthermore, in a further example, the vibrator 20 is
always operated (vibrated) during the character moves, and
the sound that is output from the left speaker 221 is controlled
such that the volume becomes smaller gradually, and at the
time that the volume becomes zero (0), the output of the sound
from the right speaker 22R is started, and the sound is con-
trolled such that the volume becomes larger gradually. Even
in this way, a manner that the character in the virtual space
moves to the right from the left in the display surface of the
display panel 14 can be transferred to the player by the sound
as well as the vibration. Furthermore, when the character is
moved inversely, the left speaker 221 and the right speaker
22R may be controlled inversely.

[0072] Furthermore, in a further example, the vibrator 20 is
always operated (vibrated) during the character moves, the
sound that is output from the left speaker 22L is controlled
such that the volume becomes smaller gradually, and the
sound that is output from the right speaker 22R is controlled
such that the volume becomes larger gradually. Even in this
way, a manner that the character in the virtual space moves to
the left from the right in the display surface of the display
panel 14 can be transferred to the player by the sound as well
as the vibration. Furthermore, when the character is moved
inversely, the left speaker 22, and the right speaker 22R may
be controlled inversely.

[0073] Furthermore, as a further example, the sound and
the vibration can also notify a position in a depth direction in
three-dimensional virtual space. For example, when a char-
acter exists in the distance in the virtual space, a volume of a
sound that is generated by the character (sound effect,
melody, BGM) is made small or a magnitude (strength) of the
vibration is made small (weak). On the other hand, when the
character exists near in the virtual space, the volume of the
sound that is generated by the character is made large or the
magnitude of the vibration is made large. Both the sound and
the vibration may be output. Furthermore, the sound that is
generated by the character may be output from the left
speaker 221, the right speakers 22R or those both. Further-
more, the sound and the vibration may be made larger gradu-
ally when the character moves near from the distance in the
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virtual space, and the sound and the vibration may be made
smaller gradually when the character moves to the distance
from near in the virtual space.

[0074] Asshownin FIG. 5(B), left sound data is input to the
D/A converter 621 and converted into an analog sound signal
to be input to the left speaker 221.. Similarly, right sound data
is input to the D/A converter 62R and converted into an analog
sound signal to be input to the right speaker 22R. Although
omitted in FIG. 3, the sound signal that is output from the D/A
converter 621, and the sound signal that is output from the
D/A converter 62R are input to the motor driver 60 via the
selector 70. Furthermore, a drive signal is input to the motor
driver 60 via the selector 70. However, the sound data and the
drive signal are output from the CPU 50. That is, an output of
the sound and presentation of the vibration are controlled by
the CPU 50. Furthermore, the selector 70 is switched by the
CPU 50. Therefore, the vibrator 20 is driven according to the
sound signal corresponding to the left sound data, the sound
signal corresponding to the right sound data or the drive
signal. That is, the vibrator 20 is vibrated (operated) by a
pattern according to an input waveform. Furthermore, when
the sound signal according to the left sound data or the right
sound data is input to the vibrator 20, it is possible to present
a player the sound and vibration having a sense of unity.
[0075] Although illustration is omitted, the sound signal
may be made to be input to the selector 70 through a low pass
filter. In this case, a frequency component higher than a pre-
determined frequency is removed.

[0076] FIG. 6 shows an example of a case where the player
plays a game while displaying a virtual game space (game
screen 100) on the display panel 14 of the information pro-
cessing apparatus 10. The game screen 100 is a photography
image at the time that a virtual camera photographs a virtual
space that a predetermined object is arranged therein. Spe-
cifically, the virtual space is a three-dimensional virtual
space, in which a predetermined character or predetermined
objects such as a background, a person, etc. are arranged
(rendered), and a two-dimensional image that is viewed from
the virtual camera (viewpoint) is produced. That is, by view-
point conversion processing such as perspective projection
transformation, an image of the three-dimensional virtual
space viewed from the viewpoint is projected on a two-di-
mensional virtual screen, and the projected two-dimensional
image is displayed as the game screen 100. In addition, the
predetermined character may be a two-dimensional or three-
dimensional character. Furthermore, other screens (a weapon
selection screen 200 of FIG. 7 and a character input screen
300 of FIG. 9) can be produced and displayed in a similar
manner.

[0077] Inanexample ofthe game screen 100 shown in FIG.
6, a player character 102 is displayed on a background image
104. The player character 102 performs arbitrary actions
according to an operation by the player. A manner that the
player character 102 moves (runs) on a mountain path accord-
ing to an operation by the player is shown in the example of
the game screen 100 shown in FIG. 6. A game of this embodi-
ment is an action role playing game, and according to an
operation by the player, the player character 102 can move in
the virtual game world, fight with an enemy character includ-
ing a boss character, acquire (purchase) a weapon or item, and
use a weapon or item.

[0078] Furthermore, operating buttons 112, 114, 116 and
118 are displayed on a left end portion of the game screen 100,
and operating buttons 120 and 122 are displayed on a right
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end portion of the game screen 100. That is, the operating
buttons 112-118 are provided in a range that the left thumb
reaches and the operating buttons 120 and 122 are provided in
arange that the right thumb reaches when the player holds the
information processing apparatus 10. In addition, the operat-
ing buttons 112-122 are virtual operating buttons and consti-
tuted by figures thereof and touch panel 16. This is true about
virtual operating buttons (202, 204, 206, 208, 210, 212) that
are displayed on the weapon selection screen 200 of FIG. 7.

[0079] The operating buttons 112, 114, 116 and 118 are
provided in order to input a direction, and used in order to
move the player character 102 in an arbitrary direction, for
example. The operating buttons 120 and 122 are used in order
to make the player character 102 perform an arbitrary action,
or perform an auxiliary operation of other operating button
(112,114,116, 118). For example, if the operating button 120
is operated (touched), the player character 102 will jump.
Furthermore, if the operating button 122 is operated
(touched), a speed that the player character 102 is moved will
become quick.

[0080] Inaddition, functions of the operating buttons 112-
122 explained here are mere examples, and should not be
limited. Furthermore, the number of the operating buttons
displayed on the game screen 100 may also differ for each
game or each scene of the game. Therefore, for example, the
virtual operating button may be provided in a range that is
operable by a left hand or a right hand when the player holds
the information processing apparatus 10 with both hands.

[0081] As described above, a drive voltage according to the
sound signal or the drive signal is given to the vibrator 20.
Therefore, when the operating button 112-122 is operated on
the game screen 100, it is possible to notify (present) opera-
tion information and a progress situation of the game with the
sound and the vibration by vibrating the vibrator 20 according
to the sound signal or the drive signal.

[0082] Ifthe operating button 120 is operated (touched), for
example when the game screen 100 is displayed, the player
character 102 is jumped, and the sound signal about the sound
effect is input to at least one of the D/A converter 621 and the
D/A converter 62R as well as the motor driver 60. Then, the
vibrator 20 is vibrated in synchronous with the sound effect of
jumping.

[0083] Otherwise, when the operating button 120 is oper-
ated (touched), the drive signal based on a vibration wave-
form at the time that a hardware push button is actually
depressed is input into the motor driver 60. Then, when touch-
ing the operating button 120, the player feels the same sense
as the time of depressing the hardware push button.

[0084] In addition, by performing an experimentation etc.
separately, a vibration waveform at the time that an actual
push button is depressed is acquired, and the drive signal is
produced based on this.

[0085] Furthermore, if any one of the operating buttons
112-114 is operated, the player character 102 is moved, and
the sound signal that is output in conjunction with the move-
ment is input to at least one of the D/A converter 621 and the
D/A converter 62R as well as the motor driver 60. Then, the
vibrator 20 is vibrated in synchronous with the sound that is
generated when moving.

[0086] FIG. 7 shows an example of the weapon selection
screen 200 that is displayed on the display panel 14 of the
information processing apparatus 10. This weapon selection
screen 200 is displayed on the display panel 14 when select-
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ing, in the above-described game or other games, for
example, a weapon that a player character (102) is equipped
with.

[0087] Inthe weapon selection screen 200 shown in FIG. 7,
operating buttons 202, 204, 206 and 208 are displayed on a
left end portion of the screen, and operating button 210 and
212 are displayed on a right end portion of the screen. In also
such a case, the operating buttons 202-208 are provided in a
range that the left thumb reaches and the operating buttons
210 and 212 are provided in a range that the right thumb
reaches when the player holds the information processing
apparatus 10.

[0088] The operating buttons 202-208 are used in order to
select a weapon that the player character 102 can be equipped
with. The operating buttons 202-208 are respectively applied
with images about weapons assigned thereto. Furthermore,
the operating button 210 is used in order to decide making the
player character (102) equip with the selected weapon. Fur-
thermore, the operating button 212 is used when stopping
selection of a weapon.

[0089] Furthermore, if the operating button 202 is operated
(touched), for example when the weapon selection screen 200
is displayed, a sword that the player character 102 is equipped
with is selected, and the sound signal about the sound effect is
input to at least one of the D/A converter 621 and the D/A
converter 62R as well as the motor driver 60. Then, the vibra-
tor 20 is vibrated in synchronous with the sound effect when
selecting the sword.

[0090] Otherwise, the vibrator 20 is not vibrated when the
operating button 202-208 is operated, and the vibrator 20 may
be vibrated when it is determined that the weapon that is
selected by operating the operating button 210 in synchro-
nous with the sound effect according to the weapon to be
equipped with.

[0091] In addition, on the weapon selection screen 200, an
enlarged image of the weapon under selection may be dis-
played in a center of the screen. Otherwise, the player char-
acter (102) that is equipped with the weapon under selection
may be displayed.

[0092] Furthermore, although illustration and detailed
description are omitted, also when selecting an item that the
player character 102 can use, a screen similar to the weapon
selection screen 200 is displayed, and an item to be used is
selected by the player.

[0093] Furthermore, in the above description, it is
described that the vibrator 20 is vibrated according to the
sound signal or the drive signal when the operating button
112-122 displayed on the game screen 100 or the operating
button 202-212 displayed on the weapon selection screen 200
is operated; however, it does not need to be limited to this. The
vibrator 20 may be vibrated according to the sound signal or
the drive signal also when the hardware operating button 18
that is provided on the information processing apparatus 10 is
operated. In such a case, it is also possible to notify (present)
to the player operation information or a progress situation of
a game with the sound and the vibration.

[0094] Furthermore, even if it is an operating button that
has the same function, when a scene or a progress situation
differs, the vibrator 20 may be vibrated by a different pattern.
Furthermore, even if it is the same scene, the vibrator 20 may
be vibrated by a different pattern according to a direction that
is designated by the operating button. For example, it is think-
able that a way of vibration of the vibrator 20 is changed
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dependent on a case where the player character 102 is
advanced in a tailwind or a case where the player character
102 advances by a headwind.

[0095] FIG. 8isa perspective view obliquely viewing down
the front of a further information processing apparatuses 10.
The further information processing apparatuses 10 is a hand-
held (portable) game apparatus, and is the same as the infor-
mation processing apparatus 10 shown in FIGS. 1(A) and
1(B) except that appearance constitution difters. Although the
further information processing apparatus 10 will be described
in the following, the same reference numerals are applied to
elements that are the same or similar to those of the informa-
tion processing apparatus 10 shown in FIGS. 1(A) and 1(B).
[0096] AsshowninFIG. 8, the further information process-
ing apparatuses 10 comprises the housing 12 that is in a shape
of rectangular when viewed from the front, and the display
panel 14 is provided in a center of a front surface of the
housing 12. The touch panel 16 is provided on the display
surface of this display panel 14. Furthermore, the operating
buttons 18 (184, 185, 18¢, 184, 18e, 181, 18g) are provided on
the front of the housing 12. In the example shown in FIG. 8,
the operating buttons 18a, 185, 18¢, 184 and 18e are provided
in the right of the display panel 14, and the operating buttons
18f'and 18g are provided in the left of the display panel 14.
The operating buttons 18a, 185, 18¢, 184 and 18e are push
buttons, and an A button, a B button, an X button, a’Y button
and a power button, respectively. The operating button 18f'is
an analog pad that is formed in structure having an operating
portion capable of sliding within a surface parallel to the
display surface of the display panel 14, and can designate an
arbitrary direction. In addition, the operating button 187 can
input a direction as well as depression if being made in
depressible structure. The operating button 18g is a cross-
button, and can designate an upward direction, a downward
direction, a leftward direction, rightward direction and
oblique directions.

[0097] Although illustration is omitted, the further infor-
mation processing apparatus 10 also comprises the vibrator
20, and the left speaker 22L. and the right speaker 22R.
Arrangement of the vibrator 20, the left speaker 221 and the
right speaker 22R is the same as the arrangement shown in
FIG. 1(B). Therefore, in also the further information process-
ing apparatus 10, the sound emission portions 12a for emit-
ting the sounds from the left speaker 221 and the right speaker
22R are formed on a side surface of the housing 12 at this side
of places that the left speaker 221 and the right speaker 22R
are provided and in the left and right end portions in the
horizontal direction in which the left speaker 221 and the
right speaker 22R are provided, respectively.

[0098] Electric structure of the further information process-
ing apparatus 10 is the same as the block diagram showing in
FIG. 3. It should be noted that the operating button 18
includes operating buttons 18a-18g.

[0099] The player uses the further information processing
apparatus 10 by holding both end portions in the longer-side
direction (horizontal direction) thereof. That is, the operating
buttons 18a-18¢ are provided in a range operable by the
thumb of the right hand holding the further information pro-
cessing apparatus 10, and the operating buttons 18fand 18¢g
are provided in a range operable by the thumb of the left hand
holding the further information processing apparatus 10.
[0100] Although the further information processing appa-
ratus 10 is a game apparatus, it can perform various kinds of
applications as well as a game. As described above, it can
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acquire an application using the wireless communication
module 56, or can also perform a communication play with
other game apparatus.

[0101] In addition, by providing a slot to or from which a
game card (or SD card) is attached or detached, an application
can be acquired from a storage medium such as the game card.
Although the storage medium is called a game card in con-
venience of explanation, it may store an application other
than a game. The game card that is attached to the game slot
is connected to the CPU 50 via an interface in a communi-
cable manner.

[0102] Evenwhen operating the hardware operating button
18 in the further information processing apparatuses 10, it is
possible to notify (present) to the player operation informa-
tion and a progress situation of the game (application) with
the sound and the vibration output from the speaker 22 by
vibrating the vibrator 20 as described in the above.

[0103] It is assumed that the above-described game is
played with the further information processing apparatuses
10, for example, and therefore, the game screen 100 shown in
FIG. 6 is displayed on the display panel 14. Then, if the
operating button 18« is operated when the same function as
the operating button 120 of F1G. 6 is assigned to the operating
button 184 of the further information processing apparatuses
10, the player character 102 is jumped, and the sound signal
about the sound effect is input to at least one of the D/A
converter 621 and the D/A converter 62R as well as the motor
driver 60. Then, the vibrator 20 is vibrated in synchronous
with the sound effect of jumping.

[0104] Furthermore, the operating button 18/ can designate
an arbitrary direction, and a pad-like operating portion can be
slid in a circumferential direction in a state any one of the
directions is being designated. In such a case, it is possible to
select characters arranged in the circumferential direction in
the screen according to an input to the circumferential direc-
tion, for example.

[0105] Inaddition, the operating button 18fis not limited to
an analog pad, and it may be an analog stick. The analog stick
can designate an arbitrary direction by making a stick-like
operating portion incline. Furthermore, it is possible to rotate
(turn) in the circumferential direction the stick-like operating
portion in a state where any one of the directions is desig-
nated.

[0106] In addition, functions of the operating-button 18a-
18f explained here are mere examples, and should not be
limited. The number of the operating buttons and arrange-
ment thereof can be arbitrarily selected if being arranged
within a range that the finger of the player who holds the
further information processing apparatuses 10 with both
hands reaches. Therefore, for example, the operating buttons
may be provided in a range that is operable by the left hand or
the right hand when the player holds the information process-
ing apparatus 10 with both hands.

[0107] FIG. 9 shows an example of a character input screen
300. A display area 302 that displays an input character is
provided in an upper portion of the character input screen
300. Furthermore, a guide image 304 and a guide image 306
for selecting a character to be input are displayed in a left end
portion and a right end portion of the character input screen
300. Furthermore, below the guide image 304, an operating
button 308 and an operating button 310 are displayed. The
operating button 308 is used in order to change characters that
are displayed on the guide image 304 and the guide image 306
to other characters, numerals or signs (including a space).
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Hereinafter, character(s), numeral(s) and sign(s) may be
called “character(s), etc.” The operating button 310 is used in
order to change a character that is displayed on the guide
image 304 and the guide image 306 between a capital letter
and a small letter. In the character input screen 300 shown in
FIG. 9, for example, if the operating button 310 is operated,
the characters displayed on the guide image 304 and the guide
image 306 are changed to small letters, and a notation of the
operating button 310 is changed to a capital letter. If the
operating button 310 that a capital letter is notated is operated,
the characters displayed on the guide image 304 and the guide
image 306 are changed to capital letters, and a notation of the
operating button 310 is changed to a small letter. Further-
more, there is provided with a display area 320 for displaying
a selected character, etc. is provided between the guide image
304 and the guide image 306.

[0108] The characters, etc. that can be selected are dis-
played side by side on a circumference of each of the guide
image 304 and the guide image 306. In the guide image 304
and the guide image 306, a character, etc. under selection is
highlighted. In an example shown in FIG. 9, it is indicated that
highlight display is performed by applying slant lines. In fact,
the highlight display is performed by making brightness
higher than other characters, applying a different color from
other characters, or making it blink. Furthermore, the char-
acter, etc. under selection is enlarged in the display area 320.
[0109] The character, etc. being displayed in a direction
that the operating button 18f7is slid by operating the operating
button 18fis selected, for example. Ifthe operating button (the
A button) 184, for example is operated in such a state, the
character, etc. under selection is input and an input character
is displayed in the display area 302 sequentially from the left.
[0110] Inthe character input screen 300 shown in FIG. 9, a
state where “G” is displayed in the display area 302 and “A”
is selected in the display area 320 as a candidate to be input
next is shown.

[0111] Although illustration is omitted, when inputting the
character, etc. that is displayed on the guide image 306, by
depressing the rightward button of the operating button 18g,
the character, etc. to be highlighted (selected) is changed from
the character, etc. that is displayed on the guide image 304 to
an arbitrary character, etc. that is displayed on the guide
image 306. Furthermore, when the character, etc. that is dis-
played on the guide image 304 is to be input from a state
where the character, etc. that is displayed on the guide image
306 is being input, by depressing the leftward button of the
operating button 18g, the character, etc. to be highlighted is
changed from the character, etc. that is displayed on the guide
image 306 to an arbitrary character, etc. that is displayed on
the guide image 304.

[0112] Furthermore, the operating button 308 is selected by
depressing the downward button of the operating button 18g.
If the operating button 18« is depressed in a state where the
operating button 308 is selected, selectable characters, etc., i.
e. the characters, etc. to be displayed on the guide images 304
and the guide image 306 are changed.

[0113] Furthermore, if the leftward button or the rightward
button is depressed in a state where the operating button 308
is selected, the state is changed to a state where the operating
button 308 is not selected and to a state where the operating
button 310 is selected. At this time, ifthe operating button 18a
is depressed, as described above, the characters, etc. dis-
played on the guide image 304 and the guide image 306 are
changed between a capital letter and a small letter. Further-
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more, if a leftward button or a rightward button is depressed
in a state where the operating button 310 is selected, the state
is changed to a state where the operating button 310 is not
selected and a state where the operating button 308 is
selected.

[0114] Forexample, when the operating button 18fis slid in
a circumferential direction, it is possible to notify to the
player in a manner easy to understand that the character, etc.
to be selected (designated) is changed by vibrating the vibra-
tor 20 in a pattern different for each character, etc. that is
selected (according to a designated direction), or by vibrating
the vibrator 20 with a predetermined pattern when a desig-
nated position is moved (passed) on a boundary between the
character, etc. and the character, etc.

[0115] Inaddition, although a case where the character, etc.
is input is described the example shown in FIG. 9, it does not
need to be limited to this. It is thinkable that images of
weapons or items are displayed on the circumference side by
side, and the weapon or item may be selected by operating the
operating button 18/. In such a case, the vibrator 20 may be
vibrated according to a sound signal of the sound effect for a
case of equipping a weapon or using an item. By this way,
even if not looking at the screen, the player can know the
selected weapon or item by the sound or vibration, for
example.

[0116] Furthermore, such the character input screen 300 is
displayed according to the instruction by the player or at an
arbitrary timing that the character, etc. is to be input.

[0117] Furthermore, although a case where the alphabet is
input is described in this embodiment, it does not need to be
limited to this. It is also possible to input Japanese Hiragana.
In such a case, characters of consonants are displayed on the
guide image 304 and characters of vowels (rows of syllables
on the Japanese syllabary table that end with the vowel
sounds “a” to “0”) are displayed on the guide image 306, and
Japanese Hiragana to be input is selected by selecting each of
the consonants and the vowels. It should be noted that when
the characters of Japanese Hiragana are arranged in Japanese
syllabary table, consonants are “a-wa” columns and vowels
are “a-0” rows.

[0118] Although detailed description is omitted, also in this
further information processing apparatus 10, the vibrator 20
may be vibrated according to the sound, or the vibrator 20
may be vibrated according to an operation of operating but-
tons 18a-18e and 18g other than operating button 18/
[0119] According to this embodiment, since the speakers
are provided in the left and right end portions, respectively, it
is possible to localize not only the sound but the vibration
depending on a way of generating the sound and the vibration.
Therefore, since operation information (content of operation)
can be fed back by the sound and the vibration when the
operating button is operated, it is possible to improve oper-
ability. Furthermore, since a progress situation of the appli-
cation that is performed on the information processing appa-
ratus can be presented by the sound and the vibration, it is
possible to give a user a higher sense of immersion.

[0120] Furthermore, according to this embodiment, since
the sound signal is output from the speakers and the vibrator
is vibrated according to this sound signal, it is possible to
synchronize the sound and the vibration with each other.
Therefore, the user can feel the sound not only by the sense of
hearing but by the tactual sense.

[0121] Furthermore, according to this embodiment, since
the vibrator is vibrated according to the drive signal according
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to a vibration wave form that is measured when the hardware
operating button is operated if the virtual operating button is
operated, the player feels a sense of operating a hardware
operating button in spite of an operation of the virtual oper-
ating button. Accordingly, it is possible to improve operabil-
ity by the player.

[0122] Furthermore, according to this embodiment, since
the sound emission portions are provided on a side surface of
the housing of the information processing apparatus, the
player can hear the sound easily because the sound emission
portions turn to the player side without being covered by the
hands when the player holds the information processing
apparatus with the hands.

[0123] In addition, although the vibrator is arranged on a
straight line that the left speaker and the right speaker are
provided and in a center portion of the information processing
apparatus (housing) in this embodiment, it does not need to be
limited to this. For example, the vibrator may be arranged so
as to overlap with one of the speakers as far as there is it
between the left speaker and the right speaker. That is, the
vibrator is arranged between the left and right end portions of
the housing, or in a position except the left and right end
portions of the housing. Furthermore, the vibrator may be
arranged in a position that is the center of mass or the center
of gravity of the information processing apparatus, for
example. Furthermore, as far as the vibration is transferred to
the left hand and the right hand of the player holding the
information processing apparatus (housing) without attenua-
tion, the vibrator may be arranged at an arbitrary portion
within the housing. Therefore, it is possible to locate the
vibrator in an available space that is formed by arrangement
of'other electronic components. For example, if the vibratoris
provided in a position other than the left and right end por-
tions of the housing, it is possible to prevent the vibration
from leaning to either of the left and right end portions.
[0124] Furthermore, although the vibrator is vibrated when
an input module such as the virtual operating button or the
hardware operating button is operated in this embodiment, it
does not need to be limited to this. For example, since the
information processing apparatus comprises the acceleration
sensor as another input module, the vibrator may be vibrated
according to a change of the acceleration. In addition, when
using the gyrosensor in place of the acceleration sensor or
together with the acceleration sensor, the vibrator may be
vibrated according to a change of an angular velocity, or the
vibrator may be vibrated according to changes of the accel-
eration and the angular velocity. By this way, it is possible to
present the vibration according to an operation that the infor-
mation processing apparatus (housing) is tilted or rotated.
[0125] Furthermore, as a further embodiment, a posture
(horizontally holding or vertically holding) of the informa-
tion processing apparatus (housing) is detected based on the
output of the acceleration sensor, and the two speakers may be
selectively used according to the detected posture. Specifi-
cally, as shown in the embodiment, when the player holds the
information processing apparatus horizontally, both the left
speaker and the right speaker are used. Furthermore, when the
player holds the information processing apparatus vertically,
it is determined which one of the left speaker and the right
speaker is located at this side (player side), and the speaker
that is located at this side or the speaker that is not located at
this side is used.

[0126] Furthermore, although the touch panel is provided
on the display panel in this embodiment, it does not need to be
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limited to this. The touch panel may be provided within a
range that a touch input (touch operation) to the display panel
can be detected and that a finger of the player reaches when
holding the information processing apparatus (housing).
Therefore, the touch panel may be provided in the rear side of
the housing, for example.

[0127] Furthermore, although the touch panel is provided
also on the further information processing apparatus (game
apparatus) in this embodiment, no touch panel may be pro-
vided.

[0128] Furthermore, although various kinds of applications
are performed on the information processing apparatus alone
in this embodiment, it is possible to also make the information
processing apparatus function as an input device such as a
controller. For example, on the game screen 100 shown in
FIG. 6, only the operating buttons 112-122 are displayed
while the player character 102 and the background image 104
are not displayed, and operation data according to an opera-
tion of the operating buttons 112-122 may be transmitted to a
separate game apparatus. Furthermore, the weapon selection
screen 200 shown in FIG. 7 may be displayed also when using
the information processing apparatus as an input device. In
such a case, the operation data or data of the selected weapon,
etc. is transmitted to the separate game apparatus. Further-
more, the character input screen 300 shown in FIG. 9 may be
displayed also when using the information processing appa-
ratus as an input device. In such a case also, the operation data
or data of the selected character, etc. is transmitted to the
separate game apparatus.

[0129] Furthermore, the appearance constitution and the
screens of the information processing apparatus shown in this
embodiment are examples, and these should not be limited
and suitably changeable according to an actual product.

[0130] Ina certainaspect, ahand-held information process-
ing apparatus comprises a housing, two speakers, and two
sound emission portions. The two speakers are provided at
left and right of an inside of the housing with an interval. The
two sound emission portions are provided at this side of the
housing when the player holds left and right end portions of
the housing with both hands, and emit sounds from the two
speakers, respectively.

[0131] Accordingly, when the player holds the housing
with both hands, the sound emission portions can be turned to
the player. Therefore, it is possible to easily hear the sound
that is output from the information processing apparatus.
Furthermore, since it is necessary to avoid components pro-
vided in the front of the housing ofthe information processing
apparatus, for example when the sound emission portions are
to be provided in the front of the housing, the whole apparatus
becomes large; however, it is possible to prevent the whole
apparatus from being made larger because the sound emis-
sion portions are provided at this side of the housing.

[0132] In a certain embodiment of this hand-held informa-
tion processing apparatus, either of the two speakers is
arranged in either of the left and right end portions or near.
[0133] Since either of the two speakers is thus arranged in
either of the left and right end portions held by the player or
near, the vibration that is generated when the speaker outputs
the sound can be transferred to the player. That is, it is possible
to make the player feel the sound with also the tactual sense.
[0134] In a further embodiment of this hand-held informa-
tion processing apparatus, each of the two speakers is
arranged in each of the left and right end portions or near.
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Therefore, the vibration that is generated when the speaker
outputs the sound can be transferred to the player.

[0135] In a further embodiment of this hand-held informa-
tion processing apparatus, an operating portion is further
provided in a range that the finger of at least one hand of the
player reaches when the player holds the left and right end
portions with both hands. Therefore, it is easy to operate it.
[0136] At this time, the operating portion is provided at
least near the speaker(s). Therefore, the vibration that is gen-
erated by the sound that the speaker outputs can be transferred
to the finger of the player when the operation portion is
operated.

[0137] Furthermore, the operating portion includes a but-
ton that can be operated by at least one of inclination and
depression by the finger. That is, hardware operating portion
can be provided.

[0138] Furthermore, a display provided on a main surface
of the housing and a touch panel provided in relation to the
display are further provided, and the operating portion
includes virtual button that is displayed on the display and the
touch panel. That is, the virtual operating portion can be
provided.

[0139] In a further embodiment of this hand-held informa-
tion processing apparatus, the speaker is arranged such that a
vibration direction of a diaphragm is rendered in a direction
perpendicular or approximately perpendicular to a main sur-
face of the housing.

[0140] Since the vibration direction of the diaphragm of'the
speaker is thus rendered perpendicular or approximately per-
pendicular to the main surface of the housing, it is possible to
lessen a thickness of the information processing apparatus
than a planar size of the diaphragm.

[0141] At this time, a sound emission portion is arranged
such that an emitting direction by the sound emission portion
becomes perpendicular or approximately perpendicular to the
vibrating direction of the diaphragm of the speaker. There-
fore, it is possible to lessen a thickness of the information
processing apparatus than a planar size of the diaphragm.
[0142] In a further embodiment of this hand-held informa-
tion processing apparatus, a speaker is arranged at this side of
the housing. That is, the speaker is arranged in a position near
the sound emission portion.

[0143] Since the speaker is thus arranged in the position
near the sound emission portion, it is possible to reduce
attenuation of the sound inside the housing.

[0144] The above-described housing is an oblong shape,
for example. Furthermore, a display is further provided on a
main surface of the housing. Furthermore, each of the two
speakers is provided in a position that at least a part thereof
overlaps with the display when viewing the main surface from
the front.

[0145] In a further embodiment of this hand-held informa-
tion processing apparatus, there is further provided with a
vibrator that is provided in an inside of the housing and
operated by a pattern according to an arbitrary input wave-
form.

[0146] By thus using the vibrator, various kinds of infor-
mation can be presented by a sound and vibration. Further-
more, it is possible to localize not only the sound but the
vibration depending on a way of generating the sound and the
vibration. Therefore, since a progress situation of an applica-
tion thatis performed in the information processing apparatus
can be presented by the sound and the vibration, it is possible
to give the player a higher sense of immersion.
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[0147] For example, the vibrator is arranged in a place
except the left and right end portions. Therefore, it is possible
to prevent the vibration from leaning to either of the left and
right end portions.

[0148] Furthermore, the vibrator is arranged between the
left and right end portions. Therefore, it is possible to localize
not only the sound but the vibration dependent on a way of
generating the sound and the vibration. Therefore, it is pos-
sible to present various kinds of information.

[0149] Furthermore, the vibrator is arranged between the
two speakers. Therefore, it is possible to localize not only the
sound but the vibration depending on a way of generating the
sound and the vibration.

[0150] Furthermore, the vibrator is arranged in a position
that overlaps with one speaker between the two speakers.
[0151] Furthermore, the vibrator is a linear motor. There-
fore, it is possible to drive the vibrator according to an analog
signal such as a sound signal. Accordingly, it is possible to
make the vibration synchronize with the sound that is output
from the speaker.

[0152] In a further embodiment of this hand-held informa-
tion processing apparatus, there is further provided with a
vibration control module that operates the vibrator according
to at least an operation of the operating portion. Since the
vibrator is thus operated according to the operation of the
operating portion, it is possible to suggest content of opera-
tion, for example depending on a way of vibrating the vibra-
tor.

[0153] In a further embodiment of this hand-held informa-
tion processing apparatus, there is further provided with a
speaker control module that operates the two speakers such
that volume of the sounds that are output from the two speak-
ers are changed during the vibrator is vibrating. Accordingly,
the player has an illusion such that the localization of the
vibration is changed according to a change of the localization
of the sound. Therefore, it is possible to present (notify) a
manner that an object moves in a virtual space by the vibra-
tion, for example.

[0154] For example, the speaker control module operates
the two speakers such that the volume of the sound that is
output from one speaker is gradually decreased and the vol-
ume of the sound that is output from the other speaker is
gradually increased.

[0155] Furthermore, the speaker control module operates
the two speakers such that the volume of the sound that is
output from the other speaker is gradually increased while the
volume of the sound that is output from one speaker is gradu-
ally decreased.

[0156] Since the speakers are thus operated, it is possible to
present (notify) a manner that an object moves in a virtual
space by the vibration, for example.

[0157] In a further embodiment of this hand-held informa-
tion processing apparatus, there is further provided with a
vibration control module that vibrates the vibrator, and the
vibration control module operates the vibrator with a magni-
tude in proportion or inverse proportion to the volume of the
sound that is output from the speaker.

[0158] Therefore, it is possible to present various kinds of
information by linking the sound and the vibration with each
other.

[0159] Although certain example devices and apparatuses
have been described herein, it is to be understood that the
appended claims are not to be limited to the systems, devices
and apparatuses disclosed, but on the contrary, are intended to
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cover various modifications and equivalent arrangements
included within the spirit and scope of the appended claims.

What we claimed is:

1. A hand-held information processing apparatus, compris-
ing:

a housing;

two speakers provided in left and right of an inside of the

housing with an interval; and

a vibrator provided in the inside of the housing, and

vibrated with a pattern according to an arbitrary input
waveform.

2. A hand-held information processing apparatus accord-
ing to claim 1, wherein the vibrator is arranged in a place
except left and right end portions of the housing.

3. A hand-held information processing apparatus accord-
ing to claim 1, wherein the vibrator is arranged between left
and right end portions of the housing.

4. A hand-held information processing apparatus accord-
ing to claim 1, wherein the vibrator is arranged between the
two speakers.

5. A hand-held information processing apparatus accord-
ing to claim 1, wherein the vibrator is arranged in a position
that overlaps with one of the speakers between the two speak-
ers.

6. A hand-held information processing apparatus accord-
ing to claim 2, wherein the speakers are arranged in the left
and right end portions or near.

7. A hand-held information processing apparatus accord-
ing to claim 1, wherein the vibrator includes a linear motor.
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8. A hand-held information processing apparatus accord-
ing to claim 1, further comprising:

two operating portions provided on left and right of the

housing with an interval; and

a vibration control module configured to vibrate the vibra-

tor according to an operation of at least each of the two
operating portions.

9. A hand-held information processing apparatus accord-
ing to claim 1, further comprising a speaker control module
configured to operate the two speakers such that volume of
sounds that are output from the two speakers are changed
during the vibrator is vibrating.

10. A hand-held information processing apparatus accord-
ing to claim 9, wherein the speaker control module is config-
ured to operate the two speakers such that the volume of the
sound that is output from one speaker is gradually decreased
and the volume of the sound that is output from the other
speaker is gradually increased.

11. A hand-held information processing apparatus accord-
ing to claim 9, wherein the speaker control module is config-
ured to operate the two speakers such that during the volume
of'the sound that is output from one speaker is being gradually
decreased, the volume of the sound that is output from the
other speaker is gradually increased.

12. A hand-held information processing apparatus accord-
ing to claim 1, further comprising a vibration control module
configured to vibrate the vibrator with a magnitude in pro-
portion or inverse proportion to the volume of the sound that
is output from the speaker.
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